Chapter 4

Forces and Newton’s
Laws of Motion



4.6 Types of Forces: An Overview

Examples of Nonfundamental Forces --
All of these are derived from the electroweak force:

normal or support forces

friction

tension in a rope




4.8 The Normal Force

Definition of the Normal Force

The normal force is one component of the force that a surface
exerts on an object with which it is in contact — namely, the

component that is perpendicular to the surface.
Fy

Weight is the downward |
force exerted by gravity
on an object. * |

For a block of weight W sitting at rest on a table, from
Newton’s 29 [aw:

XF,=Fy-W=ma,=0 --> Fy =W, and is directed upward



4.8 The Normal Force

SF=F,+F,+W=0

F,-1IN-15N =0

F,=26N
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4.8 The Normal Force

The weight, W, of an object can be associated with its mass, m,
using Newton’s 2nd |aw:

ty
I 2F, =-W=ma, =m(-g)

m l -> W =mg

2



4.8 The Normal Force

Apparent Weight

The apparent weight of an object is the reading of the scale.

It is equal to the normal force the scale exerts on the man.

(a) No acceleration (¥ = constant) (b) Upward acceleration (c) Downward acceleration (d) Free-fall



4.8 The Normal Force
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Sum of the forces
acting on the man: W
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EFy =+F,, —mg =ma

b, =mg +ma

.

true
apparent weight
e weight

From Newton’s 3rd law:

the normal force exerted by the scale on the man is
equal (and opposite) to the force the man exerts on
the scale --> the man’s apparent weight



4.9 Static and Kinetic Frictional Forces

When an object is in contact with a surface there is a force
acting on that object. The component of this force that is
parallel to the surface is called the

frictional force.

Microscopic

contact points
“cold welds”



4.9 Static and Kinetic Frictional Forces

f
When the two surfaces are -~
not sliding across one another No movement
the friction is called @)
static friction.
Fs ;&-@s&@
No movement
(b)
> F.
F MAX jCOT=——
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When movement just begins
(c)



4.9 Static and Kinetic Frictional Forces

The magnitude of the static frictional force can have any value
from zero up to a maximum value.

MAX
fo= 7.
S S
Not a vector equation!

MAX F . is parallel to the surface,
f — MS N Fx is perpendicular to

S the surface.

O < M <1 IS called the coefficient of static friction.
S



4.9 Static and Kinetic Frictional Forces

Note that the magnitude of the frictional force does
not depend on the contact area of the surfaces.




4.9 Static and Kinetic Frictional Forces

Static friction opposes the impending relative motion between
two objects.

Kinetic friction opposes the relative sliding motion that actually
does occur.

fe = u.F)

O < Mk <1 IS called the coefficient of kinetic friction.



4.9 Static and Kinetic Frictional Forces

Table 4.2 Approximate Values of the Coefficients of Friction
for Various Surfaces

Coefficient of Static Coefficient of

Materials Friction, pu, Kinetic Friction,
Glass on glass (dry) 0.94 0.4

Ice on ice (clean, 0 °C) 0.1 0.02
Rubber on dry concrete 1.0 0.8

Rubber on wet concrete 0.7 0.5

Steel on ice 0.1 0.05

Steel on steel (dry hard steel) 0.78 0.42

Teflon on Teflon 0.04 0.04

Wood on wood 0.35 0.3

Usua”y, Uy > Wy



4.9 Static and Kinetic Frictional Forces

Example. A sled and a rider are moving at a speed of 4.0 m/s along a
horizontal stretch of snow. The snow exerts a kinetic frictional force on the
runners of the sled, so the sled slows down and eventually comes to a stop.
The coefficient of kinetic friction is 0.050 and the mass of the sled and rider
is 40 kg. Find the kinetic frictional force and the displacement, x, of the sled.

vox = 4.0 m/s
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(a)

W=

(b) Free-body diagram
for the sled and rider

mg



4.9 Static and Kinetic Frictional Forces

-

vox = 4.0 m/s &R vy = 0 m/s P IJ ,
” k B
= < ‘“@i—t

o W = mg

(a) (b) Free-body diagram
for the sled and rider

1. Use Newton’s 2nd law in x and y directions.
ZFﬁx :_fk:max - dy :'fl\/m :'MkFN/m (Sincefk:/“thN)
2F,=Fy-W=Fy-mg=ma,=0 --> Fy=mg

Ji = W'y = wmg = (0.050)(40)(9.8) = 20 N



4.9 Static and Kinetic Frictional Forces

vox = 4.0 m/s @ vw=0m/s i I_/ ‘
” k B
—_— =] ‘“ii.n

(a) (b) Free-body diagram
for the sled and rider

a.=-wkFym=-umg/m=-ug=-0.050)(9.8) =-0.49 m/s?

2. Solve for x using a, and kinematic equations.

X Vox V. a, [
? 4.0 m/s 0 m/s -0.49 m/s?

B . independent
sz o v0x2 t2 a,x - X = (Vx2 - v0x2)/(2ax) of mass of

= (02- 4.09/2(-0.49)) = 16 M gleqrider



4.10 The Tension Force

Cables and ropes transmit
forces through tension.

(a)

A force ?is being applied to
the right end of a rope.

The force is transmitted to the
box from the left end of the rope.

The box exerts an equal and
opposite force to the left end
of the rope via Newton’s 3™ |aw.



4.10 The Tension Force

\ 9SS

A massless rope will transmit
tension undiminished from one
end to the other.

If the rope passes around a
massless, frictionless pulley, the
tension will be transmitted to
the other end of the rope
undiminished.



